We calculate the anomalous divergency of the QCD4 Abelian axial current by performing canonical transformations in the field antifield space.
In a recent work [1] we have shown how to calculate anomalous divergences of Abelian Noether currents inside the field-antifield or Batalin Vilkovisky formalism [2] [3] . The procedure we have adopted consists in transforming an Abelian subset of global symmetries into local ones by the introduction of compensating fields and antifields that can be dropped out from the theory by a convenient gauge choice. The new gauge symmetries so introduced are apparently obstructed by extra quantum contributions to the master equation. However, as the new fields are cohomologically trivial , one can always find an appropriate counterterm that absorbs anomaly candidates, and so it is possible to construct a local action that satisfies the quantum master equation. This result is the expected one, since the theory extended by compensating fields must have the same physical content of the original theory. This would not happen if true anomalies were found [4] . We have shown, however, that the so introduced counterterm has a non trivial role. By analyzing variations of the generating functional of the extended theory ( with the counterterms included) associated to infinitesimal redefinitions of the gauge fixing fermion, it is possible to extract generic Green functions with insertions of the divergences of the currents. In ref. [1] this procedure was analyzed in a general way, and it was also applied to the axial model [5] and to QCD 4 , so rederiving in this last example, inside the BV formalism, the celebrated result of Adler, Bell and Jackiw [6] .
In the present letter we consider a different approach to extract the desired results in a more direct way. Instead of modifying the classical action by means of compensating fields, we keep the classical action form but enlarge the functional space by introducing a decoupled collective field [7] [8] and the necessary trivial pair in order to be able to gauge fix the path integral. Once this is done, we perform, directly at the quantum level, canonical transformations that correspond not only to the implementation of the axial coupling between the fermions and the collective fields, but also to changing variables to a suitable gauge fixed basis. This basis gauge fix the collective field to match some external parameter. As in the seminal work of Fujikawa [9] , the independence of the path integral with respect to this external parameter will allow one to compute the Green functions with the insertions of the divergencies of the axial current.
Let us consider from the beginning QCD 4 . Under the field-antifield formalism, the classical field-antifield action can be defined as [10] [11]
where we are using the same conventions of [1] andc, b is a trivial pair, necessary in order to implement the gauge fixing. The corresponding generating functional is written as
where φ A and φ * A represent respectively all the fields (including ghosts) and antifields that appear in (1) . The quantum action W [φ, φ * ] is in general a sum of the zero loop order plus higher order counterterms: W = S + ∞ p=1h p M p . The condition that (2) does not depend on the gauge choice (represented by the gauge fixing fermion Ψ) when the sources are not present, or when the source term is BRST invariant is translated in the so called master equation:
where the antibracket is defined as (X, Y ) =
. Also the de Witt notation of sum and integration over space-time variables for repeated indices is used, when pertinent.
For QCD 4 , considering that the fermionic coupling is not chiral, and that the BRST Jacobian of pure Yang Mills is cohomologically trivial [12] , a regularization can be found, such that we do not need counterterms [13] . This means that the sole action of eq. (1) satisfies equation (3), In the field antifield space, infinitesimal canonical transformations [14, 13, 8] are generated by a functional F ( φ A , φ * ′ A ). The new variables are determined from
An important particular case is the one of infinitesimal canonical transformations, for which
for some small f . If we start from a quantum action W [φ , φ * ] that satisfies the master equation (3), perform an infinitesimal canonical transformation and reexpress the action in terms of the new variables as W ′ , this object does not satisfy, in general, the quantum master equation. One must take into account the behavior of the path integral measure with respect to these transformations. As discussed in [8] the appropriate quantum action that will satisfy (3) is
Therefore, this is the action that must be used in order to build up a BRST invariant quantum functional in terms of the transformed variables. Now, going back to QCD action (1), we extend the field antifield space, introducing a collective Abelian field χ that do not manifest itself at the classical level and the corresponding antifield χ * . Therefore our theory will have an extra shift symmetry that rules out χ at the classical level, to which we will associate a ghost d. We will include also a trivial paird and π, and their corresponding antifields, just to be able to gauge fix this extra symmetry. We define the new action as
As the fermionic sector was not modified, the quantum master equation continues to be satisfied. At this stage we perform two canonical transformations. The first (non infinitesimal), generated by:
where β is some local scalar external parameter. This transformation has a trivial Jacobian, and thus gives no extra contribution to the quantum action. After that we perform an infinitesimal transformation in the form (5) with
where ǫ is a global small parameter. After the two transformations the new fields will be:
while the remaining fields and antifields keep unchanged. The first transformation (8) leads to a gauge fixed basis, where the action is no more degenerated. Therefore one does not need the antifields anymore and consequently they can be set to zero. The second transformation, given by (5, 9) couples the collective field to the axial current. Expressing the action in terms of the transformed fields, we can thus write out the new quantum action in the form of eq. (6) as
where f is defined in (9) and ∆f represents the Jacobian of the infinitesimal transformation, a necessary ingredient in order to maintain the cohomological structure of the theory under the canonical transformations. In eq. (11) and in the forthcoming expressions we suppress the primes over the fields and antifields in order to simplify the notation. It is convenient to note that we have chosen a canonical transformation that corresponds, in the sector of the original gauge symmetry, to gauge fix the theory in the so called α gauge. Our final results are however independent of this particular choice. The two last terms of (8) , that represent gauge fixing of the symmetry associated to the ghost c , could be chosen differently. The only restriction is that these terms should not involve the field ψ.
As usual, the operator ∆ is not well defined when acting on local objects. Using a Pauli-Villars regularization where the mass terms for the Pauli-Villars fields are the usual ones for Dirac fermions [13] , it is possible to show that [1] 
With this result we can build up the generating functional as
where
We note that the canonical transformations have also changed the fermionic source terms. This fact is fundamental for extracting the desired results. As (13) cannot be dependent on the external parameter β, we generate an infinite set of identities like
For instance, the second expression in (15) gives in β = 0, < ∂ µ J µ 5 (x)ψ(y)ψ(z) > =<h ig 3 16π 2 ǫ µνρσ T r(F µν F ρσ (x) )ψ(y)ψ(z) > + igδ(x − y) < γ 5 ψ(y)ψ(z) > +igδ(x − z) < ψ(y)ψ(z)γ 5 >
as in references [6, 9] .
Several important aspects of canonical transformations in the Lagrangian formalism have been investigated in the recent literature [14, 13, 8] . In this work we have discussed a different use for them. By exploring the behavior of the quantum master equation under canonical transformations, we have succeeded in extracting anomalous divergencies of Noether currents inside the field antifield quantization procedure. This shows itself to be an economic procedure because it is not necessary to explore the gauge algebraic structure of the corresponding extended theory, as it happens in [1] and in its non-Abelian version [15] .
